Introduction
============

In middle-age, serum cholesterol level is well known as a risk factor for cardiovascular disease (CVD).[@b1-ARYA-09-02] World Health Organization (WHO) reported that the prevalence of hypercholesterolemia (total cholesterol ≥ 6.5 mmol/l or taking lipid-lowering drugs) is varied across populations from 3% to 53% in men, and from 4% to 40% in women.[@b2-ARYA-09-02] Some factors such as life style, diet, smoking, BMI (Body Mass Index), gender, physical activity and age are associated with plasma cholesterol level.[@b2-ARYA-09-02]-[@b5-ARYA-09-02]

The relationship between BMI and risk of CVD is well established in some studies[@b6-ARYA-09-02]-[@b8-ARYA-09-02] whereas the negative correlation was shown between serum cholesterol level and height in others.[@b9-ARYA-09-02],[@b10-ARYA-09-02] BMI is positively associated with serum cholesterol level in middle-age men in Helsingborg, Sweden and the changing in cholesterol levels over the six-year follow-up was significantly related to the changing in BMI and WHR.[@b11-ARYA-09-02] Alterations in lipid and lipoprotein concentrations and changing the CVD risk factors was seen in some studies.[@b12-ARYA-09-02]-[@b15-ARYA-09-02] In Framingham study,[@b16-ARYA-09-02] the mortality and morbidity due to CVD was estimated by determining of plasma cholesterol levels in young and adult people. The risk of CVD death among subjects with high serum cholesterol was approximately 5-fold more than of those individuals having low serum cholesterol level and 10% decline of serum cholesterol decreased 30% in mortality rate due to it.[@b17-ARYA-09-02]

Golestan province is in the north of Iran (south east of Caspian Sea). Of 1.6 million people in this area, 66.4% are 15-64 years old. 43.9% and 56.1% people live in urban and rural areas, respectively. Agriculture is the main job in rural area and different ethnic groups such as Fars (native), Turkman and Sisstani live in this region.[@b18-ARYA-09-02] The aim of this study was to evaluate the association between serum cholesterol level and BMI in men and women among 25-65 years old people in northern Iran.

Materials and Methods
=====================

We established a cross-sectional study with a sample of 1995 cases (997 men and 998 women with equal age) of urban and rural area, aged 25-65 years living in 11 districts in Golestan, Iran, situated at the south east of Caspian Sea. With assumption of 25% obesity rate,[@b3-ARYA-09-02] a confidence level of 95% and a maximum marginal error about 0.02, the sample size was calculated 1800 subjects. For more efficiency the sample size was raised to 1995 subjects. We conducted a multistage cluster sampling techniques by 100 clusters with equal size of 20 subjects. In the first stage, the clusters were chosen randomly using systematic sampling technique based on postal code in urban areas and family health number in Primary Health Centers in rural areas. In the second stage, we randomly selected 20 subjects in each cluster. All family members in blocks (a complex of building) who were 25-65 years old were included in our study. Weight was measured with light clothing and without shoes and height was measured standing up with head, back and buttock on the vertical land of the height-gauge.

BMI was calculated as weight (kg) / height (m)2 and World Health Organization classification was applied. BMI of 25.0-29.9 kg/m2 was classified as overweight, BMI of 30.0 to 39.9 kg/m2 was classified as obese and BMI equal to or greater than 40 kg/m2 was classified as pathologic obese.[@b19-ARYA-09-02]

For measuring of serum cholesterol level, blood sample was taken in the morning after 12 hours fasting. Serum cholesterol was measured by commercial kits (Pars Azmoon, Karaj, Iran) using auto-Analyzer. Plasma hypercholesterolemia (HC) was defined by a total plasma cholesterol level over 200 mg/dl.[@b20-ARYA-09-02]

Quantitative and qualitative data are presented as mean ± standard deviation and frequently (%), respectively. SPSS software (version 16.0; SPSS Inc., Chicago, IL., USA) was used for the statistical analysis. Pearson\'s correlation coefficient was employed to determine correlation between BMI and serum cholesterol level. ANOVA and post-hoc Tukey\'s test were used to compare the means. Logistic regression analysis was applied to estimate the odds ratio (OR) of HC risk according to the BMI ranges. P-value under 0.05 was considered as statistically significant. This study approved by Ethical Research Committee and consent was received from all participants. Pregnant women, those on cholesterol lowering drugs and those who were unwilling to participate in this study were excluded from the study.

Results
=======

The characteristics of subjects are presented in [table 1](#t1-ARYA-09-02){ref-type="table"}. Mean of age and serum cholesterol level were 44.2 ± 11.3 years (44.3 ± 11.5 in men and 44.1 ± 11.2 in women) and 203.1 ± 41.8 mg/dl (196.7 ± 39.5 in men and 209.4 ± 42.9 women), respectively. The obesity and overweight were seen in 29.5% and 33.9%, respectively. HC was detected in 49.1% of population and was more in women (57.0%) than men (44.7%).

The serum cholesterol levels and BMI in age and sex groups are presented in [table 2](#t2-ARYA-09-02){ref-type="table"}. The serum cholesterol level tended to increase with BMI and ANOVA test showed significant differences in all age groups (P \< 0.001) in both genders. In men, the post-hoc Tukey test done for pair-waise comparison between three BMI ranges revealed a statistically significant differences in the mean cholesterol between normal and overweight as weel as between normal and obese people in all age groups (P \< 0.05). There was no statistically signiifcant differences in the mean cholesterol between overweight and obese groups. In women, the post-hoc Tukey test showed a significant difference in the mean cholesterol based on overweight in all age groups and in the whole population, except in 45-55 years age groups (P \< 0.05). This test was significant between normal weight and obese in all age groups and in total (P \< 0.05). However, this relationship was not seen between overweight and obese people in all age groups and in total population.

The odds ratio was estimated for HC based on BMI and age by logistic regrision. Normal weight (BMI \< 25 kg/m2) was considered as reference. In men, the results of logistic regresion analysis showed that the risk of HC before age 35 years in obese group was more than overweight. At age 25-35 years, the risk of HC was 3.42 (1.60-7.29) in obese group and in overweight it was 1.90 (1.03-3.50) compared to normal subjects \[Odds ratio (95% Confidence Interval)\]. In contrary, in over 35 years, the relative risk of HC in overweight men \[4.03 (2.22-7.34)\] was more than obese men \[3.587 (1.77-7.25)\].

In women, the relative risk of HC among those aged under 45 years, in obese was more than overweight. Hence, the odds ratio at age 25-35, in obese was 4.05(2.07-7.90) and in overweight was 3.71(1.91-7.18). In 35-45 year age group in obese, the risk was 3.01(1.58-5.73) and in overweight was 2.06(1.58-5.73).

In women, the odds ratio of HC in obese was 2.75(2.00-3.77) and in overweight was 2.11(1.52-2.94). After age 45, the odds ratio for HC was not significant.

Discussion
==========

The association between hypercholesterolemia and BMI in men and women was not the same. In early middle-age the risk of HC in obese people was more than overweight people while in older age this relation was increased in overweight men without significant differences in women.

The association between serum cholesterol levels and BMI based on age and gender was reported in other studies. Serum cholesterol level increased with age.[@b21-ARYA-09-02] BMI and waist circumference were positively associated with total serum cholesterol and non-HDL cholesterol level and inversely associated with HDL cholesterol.[@b11-ARYA-09-02] Alteration in serum cholesterol levels was related to lifestyle factors in some areas.[@b22-ARYA-09-02],[@b23-ARYA-09-02]

In pubertal children, total serum cholesterol level was negatively associated with height.[@b24-ARYA-09-02] In Gostynski et al. study, the prevalence of hypercholesterolemia increased with age and compared with women, it was significantly increased more in men at age 24-46 years.[@b25-ARYA-09-02] The association between hypercholesterolemia and BMI became significantly weaker in high age groups while it was not significant in female aged 50-64 years. A study in white Americans[@b26-ARYA-09-02] revealed that changing in BMI from 21.1 to 30.0 kg/m2 were associated with a higher total serum cholesterol level up to 23 mg/dl. Relationship between BMI and serum cholesterol level was not significant at menopause age.[@b21-ARYA-09-02] The relationship between dyslipidemia and BMI, waist circumference and age was seen in Turkish adult men.[@b27-ARYA-09-02]

Similar to mentioned studies, we found the obesity and overweight as the risk factors for HC that was steeper in early middle-age while in women was weaker than men. The insignificant association between BMI and serum cholesterol level in menopause women was shown in other studies.[@b21-ARYA-09-02],[@b25-ARYA-09-02] Moreover, different ethnic groups live in northern Iran and inherent factors may influence changing of serum cholesterol level. The variation of serum cholesterol level among ethnic groups should be considered in future studies. Due to the changes in life style in Iran as a developing country in nutrition transition phase,[@b28-ARYA-09-02] we recommend to establish an educational planning to control obesity and HC especially in early middle-age. Food behavior, weight gain control and serum cholesterol treatment was not assessed and they were limitations of our study.

Conclusion
----------

HC is a major health problem in the Iranian northern adults and BMI is a risk factor for it. In early middle-age, obese subjects more than overweighed subjects were in the risk of HC, while in men, this pattern altered after age 35 years. In women, obesity and overweight was not a risk factor for HC in older middle-age.
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###### 

The characteristics of subjects with respect to gender (N = 1995)

                             Men            Women          Total          P
  -------------------------- -------------- -------------- -------------- -------
  N (%)                      997 (50)       998 (50)                      
  Age (year)                 44.3 ± 11.5    44.1 ± 11.2    44.2 ± 11.3    0.700
  Serumcholesterol (mg/dl)   196.7 ± 39.5   209.4 ± 42.9   203.1 ± 41.8   0.001
  Body mass index(Kg/m2)     26.0 ± 4.8     28.7 ± 6.3     27.3 ± 5.8     0.001

Numbers represent mean ± standard deviation

Standard deviation

###### 

Serum cholesterol level and body mass index based on age and gender

  Age group (Year)           No    Body mass index status   Cholesterol    P[\*](#tfn3-ARYA-09-02){ref-type="table-fn"}   OR (CI 95%)       P[§](#tfn4-ARYA-09-02){ref-type="table-fn"}
  ------------------ ------- ----- ------------------------ -------------- ---------------------------------------------- ----------------- ---------------------------------------------
  25-35              Men     119   Normal                   178.6 ± 33.2   0.001                                          \(1\)             \-
                             84    Overweight               188.9 ± 38.3                                                  1.90(1.03-3.50)   0.040
                             39    Obese                    202.6 ± 33.8                                                  3.42(1.60-7.29)   0.001
                     Women   106   Normal                   177.5 ± 32.8   0.001                                          \(1\)             \-
                             71    Overweight               202.1 ± 42.3                                                  3.71(1.91-7.18)   0.001
                             68    Obese                    204.3 ± 33.1                                                  4.05(2.07-7.90)   0.001
  35-45              Men     114   Normal                   185.9 ± 43.8   0.001                                          \(1\)             \-
                             85    Overweight               208.2 ± 36.6                                                  4.03(2.22-7.34)   0.001
                             48    Obese                    211.5 ± 41.6                                                  3.58(1.77-7.25)   0.001
                     Women   62    Normal                   184.9 ± 38.3   0.001                                          \(1\)             \-
                             71    Overweight               206.5 ± 37.6                                                  2.06(1.58-5.73)   0.041
                             114   Obese                    213.2 ± 36.9                                                  3.01(1.58-5.73)   0.001
  45-55              Men     91    Normal                   189.4 ± 37.3   0.002                                          \(1\)             \-
                             92    Overweight               208.5 ± 35.3                                                  2.37(1.31-4.30)   0.004
                             64    Obese                    207.5 ± 35.2                                                  1.93(1.01-3.69)   0.047
                     Women   52    Normal                   204.1 ± 34.7   0.001                                          \(1\)             \-
                             65    Overweight               208.3 ± 37.6                                                  0.98(0.47-2.05)   0.967
                             123   Obese                    218.4 ± 43.4                                                  1.64(0.84-3.19)   0.142
  55-65              Men     111   Normal                   187.4 ± 39.6   0.001                                          \(1\)             \-
                             95    Overweight               213.2 ± 42.3                                                  2.92(1.65-5.16)   0.001
                             39    Obese                    209.5 ± 25.9                                                  2.73(1.28-5.79)   0.009
                     Women   66    Normal                   217.8 ± 44.8   0.001                                          \(1\)             \-
                             96    Overweight               233.3 ± 48.1                                                  1.48(0.73-2.97)   0.270
                             83    Obese                    235.0 ± 41.6                                                  1.81(0.86-3.81)   0.117
  Total              Men     438   Normal                   185.0 ± 38.6   0.001                                          \(1\)             \-
                             356   Overweight               205.1 ± 39.2                                                  2.78(2.08-3.72)   0.001
                             191   Obese                    207.8 ± 34.8                                                  2.82(1.99-4.01)   0.001
                     Women   286   Normal                   193.2 ± 40.6   0.001                                          \(1\)             \-
                             304   Overweight               214.3 ± 44.0                                                  2.11(1.52-2.94)   0.001
                             388   Obese                    217.9 ± 40.6                                                  2.75(2.00-3.77)   0.001

ANOVA

Logistic regression
